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AN "EXTREMAL" PROBLEM ON THE USE OF SELECTORS
IN COMPUTING-ANALYTICAL MACEINES

I. Ya. Akushskiy

The operating principle and some uses of selectors were cited inm I. Ya. Akushm
skly's two articles, "Computing-Analytical Machines and Some of Their Application

to Mathematical Problems" (Uspekhi Matematicheskiy Nauk, Vol II, No 2, 1947) and

"The Process of Diagonal Sumation on & Tabulator and Some of Its Applications"
(Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh Nauk, No 5, 1947). 1In

this article, we consider in more detall Some problems in the utilization of se-
lectors and formulate the basic problem involved in the use of selectors to car-

Ty out calculations on computing-anslytical machines.

EFERENCE COPY

The selectors are designated by 59, 55,-.0.. » 8;; The middle contacts of the
selector elements are designated by (B, Ghere w is the selector number and n is
the number of the element {groups of three contacts, the middle one of which is
glven) in the selector Sy The other two contacts are designated, respectively,
(x)2 and (Fx)2. Each selector Sy bas its own control comtact £ . There are two
possible positions for the contacts of the selector 8,:(1) Cw-?ﬂx)v, when all ele-
ments (independent of the number n) of this selector are in the position C-(Nx),
i.e., the middle contacts CP of all elements are copnected with the contacts {x)2
of their elements, and (2) -(x)y, when the contacts CR are connected with the

contacts (x)§ of their elements. Position 1 or 2 occurs simultaneously for all
elements of 5,.

The position of selector Sy, is determined by the input or noninput of a cur-
rent pulse on control contact £ ,. The input of & pulse on &, drives §_ into
position 2, vhile the absence of a pulse on 5‘, leaves S, in position 1.

We will not comsider the operation of selectors as they are used in the trans-
mission of pulses from punch cards. As in the works mentioned above, we will desig-
nate the punch cards by P with the corresponding subscripts and counters by o , the
counters also differing in the subscripts. In this type of selector operation,
position 1 or 2 of selector Sy in the process of passing & card P; is regulated by
the absence or presence of a punch (perforation of the 1lih position) along & certain
column Av, which, being connected with control contact £ ., sends it a pulse if
there is a punch and leaves it unexcited if there is no punch along column X v
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We designate by g, the J-th section of the punch card, i.e., the group of col-
umns in which the homogeneous components of the calculation are punched out. In
order that the number punched in section 83 be registered in counter o kx» the col-
umns of section gy (block By} must be connécted (maintaining correspondence of di-
vision) to the electromegnets of the number wheels of counter o x- We will desig-
nabe bhie counection by gj-oy. This connection ensures that the numbers punched
in section BJ of all cards which are passed through block Bo will be registered on
sounter o .

The number of sections g4 is limited by the capacity of the punch cards in de-
pendence upon the "valence" of the numbers punched in gj. The connection 8jFoy, a8
we have already pointed out, sends into ) the numbers punched in g. from all cerde
wvhich pass through block B,. Very often, however, in the process of“passing a group
of cards, the required direction, or comtrol, of the data on the card sections in
the counter for different cards is not covered by this connection. In these cases,
selectors are used to introduce the necessary differentiation in the control of data
in the counters in dependence on the card type.

Let us consider the distributing cperation of a selector, given m cards P,,
Poyee.., Pp. In the g sectlon of these cards, numbers are punched which must De
directed into different counters, i.e., from card P; into o1, from card Pp tocz,
from card Py intoop. It is easy to see that the required direction of data cannot
be accomplished by any one direct connection of g with » . We make the following
connection by means of selectors:

g~Cy, (Nx)y*Cs, (X)f'C3; (Bx)amCy, (x)g=Cs5, (Nx) 3 Cg, (X)3*C7
e, (Nx)q"cp-l’ (x)q—* Cps

(Nx)qfl"”l’ (x)q+1"°’2’ (Nx)q+2_,,3, (x)q+2"¢’u’

Nx) - x
L .

The numbers p and q are determined from the following considerations: p-q = 15/37,
qQ = ﬁ/f.‘j—l. The control contacts of selectors &3, Egyrerer g must be connected
with columns 2,, )2, ...... » A., in which we introduce & systempoi’ punches, different
for different cards. Thus, cafd P) must not have a punch in any of the colummns A,
Aoseevidy; card P, must have a punch in column Agty, €tc. In general, the control
columns abd the system of punches may be introduceg by different methods, with the
restriction, however, that in the passage of card Py all selectors should occupy
positions which will, in the final apnalysis, create the circuit g-roy.

We have discussed the distribution problem for m different cards, but our con-
siderations would have been no different had we discussed m different groups of
cards P, £ 2,.....,Mm, vhere a definite direction of the g section into the counter
must occur for'all cards of the given group. 1In this case, all cards of group Mj
must have the system of punches which in the case previously discussed was imposed on
P). Therefore, in the future we will dlscuss individual cards of various types rather

than groups of cards.

The collection operation as it is usually understood is opposite to the distribu-
tion operation. Given m cards Py, P,,...., Py with m sections g, 8p,..., &y in
each card. The numbers punched in these sections must be directed into counter o ;
moreover, a number from section g; from card P, a number from section gp from card
Py,..., & number from section g from card Py, must be directed into o-.
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It can be shown that any commutation solving the distribution problem (with o
Terzzct to the distribution of one section in m counters) can be used to solve ) i
1ts corresponding collection problem with respect to the collection in one counter l&,
of data from m sections (by simply substituting g for o , and vice versa, in the N |
commutation series and changing the direction of the arrows). Thus, from the pre- A“ v A
ceding commutation, we can write the solution ~? the collection problem in the fol- e
lowing way: LR
o +Cy, (Bx),+Cy, (x)l«c3, (Bx) +c), (:;)2«—c5 ; (Nx)3~—c6 y {x)g=Coyene ‘1‘

r
ce,ilx) < x)+~C ;
AN € (X gm ey

(NX)Q*_I*—E . (X)qﬂ«se, (Nx)q+2‘-g3, (x)q*e‘-gh, ......

oo y(Nx X .
) g () B

Commutation of the control contacts of the selectors and the system of punches on
each card are the same as they were in the distribution problem.

The distribution and collection problems discussed are partial cases of the
following general problem.

Given m! cards Pys Pp,...., Pp! with m sections in each cerd, and let m
counters =1, 2, .., om participate in the operation. There are m! possible
combinations o?tfne distribution of sections g Boysened with respect to counters
=1,52,,.,., omn. For each card P;, one of téése combinations must occur. What
1s the finimGm pumber of selectors feeded to accomplish all required distributions?
What is the combination through these selectors? What is the system of controlling
punches which must be imposed on each card?

We consider one of the possible commutations for solution of thic general
problem. Let m groups of selectors 58 (v is the number of the selector and a is
the number of the group) participate, with m-1 selectors in each group.

We make the following connections:

1 11 1.1 1 1
8,7 C]s (Nx)l—vcz, (Nx)z—oc3 yeeeney (Nx)m_e—.cm_l

Yl m m m 1 m m
gm—»cl, (Nx)l—’ca, (Nx)a_.c3 yeres s (Nx)m 2-.cm

m-1, m-1 m.

Here (m-1)m selectors 53 are occupied. The direction 8y —o,, 18 accomplished
by simultaneously positioning the selectors 5% 32 s§_y at g—(Nx) and the
:5elect'.o:rm§.H at C-(x) (if wgm), or C-(Nx) (if‘vfl:m?f“i‘ﬁﬁs, the connection ga—sey
will be e for cards supplied with & punch along the column A2 (for wekm). The
connection 8a»op ¥ill be made for cards which do mot have punches in a.nX of the
coluums 7«? A8, iev.y A2 | (presupposing that the control contact &' of selec-
tor S* ig cénnePted with colimn 8). Thus, it results *hat if for & cafd Py,
directions in the counters & —'c-vl BTV o g-)g-ym(yi‘v,- _____ vp are any
combinations of the numbers i, 2,.07..5 m) mgt be dccBuylidhed; "then the card P,
mugt have punches in all those columns A}, AVE’ ..... » 2 . in vhich the lower sub-

m
script 1s not equal to m.
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We have introduced thiz commutation ouly to illustrate one possible method : :
of solving the general problem of selector operation and are in no way suggest- I
ing that the number of m(m-1) selectors is the least possible to make the re- " =
quired distributions. At the same time > the "extremal" problem formulated above e {
is of great importance, B )
» )
The grewing practice of using computing-analytical machines for mathematical L |
problems requires very complex commutations with the associated high number of - i
selectors, but there is only a iimited number of these selectors in the machine, . . %

Therefore, it is very important: (1) to have a regular method for economic
utilization of the selectors when making up various commutation arrangements and

{2) to be confident ; ¥when there are not enough selectors in the machine to ac-
complish an arrangement, that the arrangement is in principle not realizable for
the given number of counters and that its unrealizability is not the result of an
unimaginative arrangement.
These are the considerations behind the problem formulated above.
‘'-END -
J
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